Background
COPD is a preventable and treatable disease characterized by persistent airflow limitation that is usually progressive. 1 COPD is currently the fourth leading cause of morbidity and mortality worldwide and its prevalence is projected to increase in the coming decades because of continuous exposure to COPD risk factors (eg, tobacco smoke and smoke from biomass fuels) and population aging. 2 Episodes of respiratory symptom worsening frequently occur in COPD, and these exacerbations are commonly triggered by respiratory tract viral or bacterial infections. Viruses have been detected in 47%-56% of the patients in exacerbation and approximately half of them are rhinoviruses, 3 while bacteria are assumed to be the cause of 50% of exacerbations. 4 In addition, coinfection with viruses and bacteria account for ~26% of hospitalized COPD exacerbations.
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Airway and lung inflammation is central in COPD, 7 but there are contradictory data regarding the innate immunity in COPD. One study using primary bronchial epithelial cells infected in vitro with rhinovirus-1B showed that COPD cells had higher expression of interleukin (IL)-6 and interferons (IFNs)-β and λ1 in comparison to healthy controls. 8 In addition, IL-8 was found to be increased in sputum from COPD patients when compared to healthy subjects. [9] [10] [11] [12] On the other hand, reduced IL-8 production was described in COPD-diseased human bronchial/tracheal epithelial cells treated with cigarette smoke condensate, 13 as well as in alveolar macrophages from COPD patients incubated with respiratory pathogens. 14 The study of Mallia et al with experimental rhinovirus infection in healthy subjects and COPD patients showed that COPD subjects had increased symptoms, airway obstruction, and inflammation with raised sputum neutrophils and proinflammatory cytokine IL-8 production as compared to healthy subjects. 15 They also showed that bronchoalveolar lavage cells from COPD patients produced less IFN-β in response to viral infection in vitro. Interferons and their stimulated genes play a major role in defense against infectious agents.
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Much less is known regarding mechanisms of virus-induced exacerbations in COPD compared to asthma, 18 and there are limited data on the expression of IFNs and their stimulated genes in stable COPD.
The purpose of our study was to investigate the innate antiviral immunity in stable COPD patients suffering from variable disease severity. To this end, we have assessed gene expression of IFN-β and IFN-λ1 (IL-29) in sputum cells from 51 stable COPD and 35 healthy subjects. We have also extended our analysis to several IFN-stimulated genes (ISGs) supposed to mediate the cellular response to IFN by assessing three genes involved at different steps of intracellular viral cycle. MxA forms oligomers that trap viral components at early time points of the cellular infection, while OAS activates the latent form of RNaseL leading to viral and host RNA degradation. 19 Viperin exerts its effects at the later stages of this life cycle by preventing the release of viral particles apparently by disrupting lipid droplets.
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Methods subject characteristics and study design
The study was performed with subjects recruited from the Ambulatory Clinic of CHU Liege. Patient characteristics are given in Table 1 . Diagnosis of COPD was performed according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria:
1 post-bronchodilator (400 µg salbutamol) forced expiratory volume in 1 second (FEV 1 )/forced vital capacity (FVC) ratio ,70% in patients who presented dyspnea, chronic cough or sputum production, and a history of exposure to risk factors for the disease (tobacco smoke, occupational dusts or chemicals) with all subjects reporting a smoking history of at last 10 pack-year. On the day of the visit, COPD patients completed the COPD assessment test (CAT questionnaire) 21 and were asked about the number of exacerbations in the previous year as defined by an intake of antibiotic and/or methylprednisolone for at least 3 days for worsening of respiratory symptoms. Patients were divided in four groups according to GOLD classification of airway obstruction severity based on post-bronchodilation FEV 1 : GOLD I (FEV 1 $80%), GOLD II (FEV 1 $50% and ,80%) were considered as mild to moderate, while GOLD III (FEV 1 $30% and ,50%) and GOLD IV (FEV 1 ,30%) were considered as severe.
1 COPD patients were also classified according to the combined CAT, which takes into account symptoms, spirometric classification, and risk of exacerbations. Patients were divided in four groups: A (low risk and less symptoms), B (low risk and more symptoms), C (high risk and less symptoms), and D (high risk and more symptoms). 1 Based on sputum cellularity, patients were classified as neutrophilic phenotype when sputum neutrophil count was $76% of sputum total nonsquamous cells. 22 All the COPD patients included in this study were in stable state on the day of sputum sampling as none were prescribed antibiotics or methylprednisolone following the visit. In addition, the last exacerbation had occurred more than 4 weeks prior to the visit.
Healthy subjects were recruited by local advertisement in the hospital. None of them exhibited respiratory symptoms or airways responsiveness (provocative concentration of methacholine causing a fall in FEV 1 of 20%.16 mg/mL) and all had normal spirometric results (FEV 1 .80% predicted value).
The study was approved by the CHU Liege Ethics Committee (ref 2005/181) and all subjects signed an informed consent.
sputum induction and processing
Sputum was induced and processed as previously reported. 23 Cell viability was checked by trypan blue exclusion assay and the differential cell count was performed on cytospins stained with RAPI DIFF II ® stain kit (Atom Scientific, Manchester, UK) for 500 total nonsquamous cells counted. Only sputum samples with ,30% squamous cell count were considered suitable for this study. Collected cells were centrifuged and the pellet (1-2×10 6 cells) was mixed with 400 µL of RNAprotect ® cell reagent (Qiagen, Hilden, Germany) and kept at -80°C until RNA extraction.
rna extraction/isolation and cDna synthesis
After removing RNAprotect cell reagent (Qiagen), the pellet was resuspended in 500 µL of TriPure isolation reagent (Roche Diagnostics GmbH, Mannheim, Germany), to which was added one stainless steel bead (5 mm, Qiagen). The sample was disrupted and homogenized using a TissueLyser system (TissueLyser II; Qiagen), for 2 minutes at 25 Hz. The RNA was separated by phenol-chloroform extraction. The upper aqueous phase (300 µL) was diluted with equal volume of ethanol and transferred to a NucleoSpin RNA binding column (Macherey-Nagel GmbH & Co., Düren, Germany). Washing and drying of silica membrane and RNA elution were executed according to NucleoSpin RNA clean-up protocol (Macherey-Nagel). The residual genomic DNA was eliminated by a DNase treatment with TURBO DNA-free™ Kit of Ambion (Thermo Fisher Scientific, Waltham, MA, USA). The RNA concentration and purity were assessed by NanoDrop ND-1000 spectrophotometer. The cDNA was prepared according to the manufacturer's instructions from maximum 1 µg of RNA using QuantiTect ® Reverse Transcription Kit from Qiagen.
TaqMan real-time qPCr
Quantitative polymerase chain reaction (qPCR) was performed with a 384-well plate (MicroAmp ® Optical, Life Technologies Holdings Pte Ltd, Singapore) on a 7900HT system (Thermo Fisher Scientific) using the QuantiTect ® Probe PCR Kit (Qiagen). The real-time reaction mixture was prepared in a total volume of 10 µL total PCR reaction and 1 µL cDNA. The cycle parameters were as follows: initial enzyme activation at 95°C for 15 minutes; followed by 40 cycles of sequential incubations at 94°C for 15 seconds and at 60°C for 1 minute; and one cycle at 40°C for 30 seconds.
Primer pairs and probes, all FAM-TAMRA labeled, were selected according to the description of Gielen et al for 18S, IFN-β, MxA, OAS, and viperin. 24 For IL-29, probe: 5′-AG TTGCAGCTCTCCTGTCTTCCCCG-3′, forward primer: 5′-CCTTGGAAGAGTCACTCAAGCT-3′, and reverse primer: 5′-AGAAGCCTCAGGTCCCAATT-3′ (accession number: NM_172140.1) were purchased from Eurogentec (Seraing, Belgium). For each sample, a supplementary PCR from RNA for IL-29 and IFN-β was performed to verify the absence of residual genomic DNA. Copy numbers of each gene were determined via standard curves constructed as dsDNA plasmids, and normalized with the housekeeping gene 18S rRNA.
Detection of picornavirus
Qualitative PCR was performed in a volume of 50 µL total PCR reaction and 4 µL cDNA using GoTaq ® G2 Flexi DNA Polymerase from Promega Corporation (Fitchburg, WI, USA). The cycle parameters were as follows (2720 Thermal Cycler from Thermo Fisher Scientific): initial enzyme activation at 94°C for 2 minutes; followed by 32 cycles of sequential incubations at 94°C for 30 seconds, at 50°C for 30 seconds, and at 72°C for 2 minutes; and finally one cycle at 72°C for 4 minutes. The primers used were OL26 and OL27 from Thermo Fisher Scientific at 1.5 mM each (product size 380 base pairs). 25 PCR products were fractionated on 1.5% agarose (Thermo Fisher Scientific) gels and visualized by ethidium bromide staining and photographed. Any visible band of 
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hilzendeger et al appropriate size was taken as a positive result. Differentiation of rhinoviruses from enteroviruses is achieved by restriction enzyme digestion of the PCR product. Amplicons generated were digested with Bgl-I from Promega Corporation (10 µL of PCR product plus 10 µL of Bgl-I mix) at 37°C for 1 hour (2720 Thermal Cycler from Thermo Fisher Scientific). PCR products were fractionated on 2.5% agarose (Thermo Fisher Scientific) gels and visualized by ethidium bromide staining and photographed. Any visible single band of appropriate size (189 base pairs) was taken as a positive result for human rhinovirus. Either not digested (product size 380 base pairs) or presenting a double band pattern was taken as a positive result for other picornaviruses.
sputum bacteriology
Sputum samples were collected in sterile sputum cups and sent to the laboratory within 1 hour after expectoration. The bacterial analysis was performed at the Department of Clinical Microbiology, University Hospital of Liège, Belgium. A Gram stain of the sputum in the area of maximal purulence was examined for polymorphonuclear leukocytes, epithelial cells, bacteria, and fungi. Another portion of the sputum was used for microbiological analysis. Sputa were processed according to the standard microbiological methods. Cultures were made on routine media used for the isolation of respiratory pathogens, including blood agar, Mac Conkey agar, colistin nalidixic acid (CNA) agar, Haemophilus influenzae agar, and Sabouraud agar. The plates were incubated at 35°C±2°C in the atmosphere of 5% CO 2 except for Mac Conkey and Sabouraud agars that were incubated in an O 2 atmosphere. After 24 and 48 hours of incubation, the plates were studied by standard techniques and bacterial colonies were identified by mass spectrometry (Matrix-Assisted Laser Desorption/Ionization Time-of-Flight mass spectrometry [MALDI-TOF]) or phenotypical tests. Respiratory pathogens were reported in a semiquantitative manner and subjected to antibiotic susceptibility testing performed by automated method (VITEK ® 2; BioMérieux, Marcy l'Etoile, France) or by disc diffusion methods.
statistical analysis
Data were analyzed using a statistical software package (GraphPad Prism
Results
Patient characteristics
The demographic, functional, and treatment characteristics of subjects are given in Table 1 . Healthy subjects and COPD patients were relatively well age-matched even if COPD patients were slightly older. In COPD patients, FEV 1 /FVC ratio was inversely correlated with age (r=-0.284; P,0.05). The majority of COPD patients (65%) were receiving inhaled corticoids (ICS). Blood cell counts of the patients show raised numbers of circulating neutrophils and monocytes compared to healthy subjects. Likewise, COPD patients had a slight increase in fibrinogen and CRP levels, even if the value remained in the normal range in the large majority of the patients ( Table 2 ). The sputum cell counts are shown in Table 3 . COPD patients had higher total nonsquamous sputum cell counts and percentage 
Detection of IFns and Isgs in COPD patients
Expression of IL-29 was positive in 16 of 51 COPD patients (31%) and in nine of 35 healthy subjects (26%) (P.0.05). IFN-β was detected in six of 51 COPD patients (12%) and in two of 35 healthy subjects (6%) (P.0.05) ( Figure 1A ). ISGs were readily detectable in both healthy subjects and COPD patients. OAS expression was decreased in COPD compared to healthy subjects (P,0.05), while that of viperin was increased (P,0.01). There was no difference in MxA expression between the two groups ( Figure 1B ).
effect of smoking and inhaled corticosteroids
Among the COPD patients and healthy subjects, no difference was seen in the expression of IL-29 or IFN-β among nonsmokers, ex-smokers, and current smokers. Likewise, current and ex-smoking habit did not influence OAS and MxA expression among the COPD or healthy subjects. Viperin expression in healthy smokers was decreased when compared to healthy nonsmokers (P,0.05), but no such difference was seen between COPD smokers and ex-smokers (P.0.05). There was no significant difference between the COPD patients treated with ICS and those without treatment regarding IFNs and ISGs (P.0.05).
relationship between IFns, Isgs, and airway obstruction severity
When classified according to the severity of airway obstruction, there were no differences in IL-29 or IFN-β expressions between the groups (Table 4 ). However, severe COPD patients showed decreased OAS expression compared to healthy subjects (P,0.01), whereas mild to moderate COPD patients expressed greater level of viperin than healthy subjects (P,0.01). In addition, MxA and OAS expression positively correlated with postbronchodilator FEV 1 /FVC ratio in COPD patients (r=0.328; P=0.019 and r=0.341; P=0.014, respectively). COPD patients were classified according to the number of exacerbations during the last 12 months recorded by history taking. When compared to healthy subjects, COPD patients with less than two exacerbations displayed higher viperin expression while the group that had $2 exacerbations showed decreased OAS expression (Table 5 ).
IFns and Isgs according to aBCD gOlD groups
Among the 45 patients with CAT score, the distribution of COPD patients in ABCD groups was 1, 27, 0, and 17, respectively. Therefore, we only compared healthy subjects, and B and D groups. There was no difference with respect to IFN-β and IL-29 expression between the groups (Figure 2A ). By contrast, we found a decrease in all three ISGs in patients from group D as compared to group B (P,0.01 for MxA, P,0.05 for OAS, and P,0.01 for viperin) ( Figure 2B ). OAS expression in group D was also decreased compared to healthy subjects, and viperin expression in group B was significantly higher when compared to healthy controls.
relationship between IFns, Isgs, and COPD sputum cell counts relationship between IFns, Isgs, and sputum bacteriology
Bacterial culture was performed for the sputum samples of 39 COPD patients to identify colonization with potential pathogenic microorganisms (PPM). Seven out of 39 subjects (18%) had positive bacteriology despite being in stable state. Among them, three (8%) were positive for Pseudomonas aeruginosa, two (5%) for H. influenza, and two (5%) for Streptococcus pneumoniae. Sputum neutrophil counts were significantly higher when sputum was positive for PPM compared to when without PPM (median of 97%, ranging from 62% to 99% vs median of 76%, ranging from 11% to 95%, P,0.05). Positive bacteriology was not associated with raised IFNs or ISGs expression (data not shown).
relationship between IFns and Isgs and detection of picornavirus in sputum samples
The detection of picornaviruses was performed by reverse transcription q-PCR (RT-qPCR) in all COPD patients Table 4 expression of interferons and interferon-stimulated genes according to airway obstruction in healthy subjects and COPD patients (n=51) and healthy subjects, apart from two healthy subjects (n=33). Only 12 sputum samples out of 84 were positive for picornaviruses (14%), including eight COPD patients (16%) and four healthy subjects (12%). Human rhinovirus was detected in seven COPD and one healthy subject, while other picornaviruses were detected in one COPD and three healthy subjects. Only one COPD patient had concomitant detection of both rhinovirus and PPM. Sputum neutrophil count was significantly higher in samples positive for picornavirus compared to those without virus detection (median of 87%, ranging from 54% to 97% vs median of 74%, ranging from 11% to 99%, P,0.05). Similarly, positive samples for PPM and/or picornavirus had significantly higher sputum neutrophils when compared to negative samples (median of 87%, ranging from 54% to 99% vs median of 64%, ranging from 11% to 95%, P,0.001). relationship between IFns, Isgs, and systemic inflammation CRP and fibrinogen levels were in the normal range for the majority of COPD patients. Only 15 and 13 COPD patients had CRP and fibrinogen above the upper limit of the normal range (.6 mg/L and .4.3 g/L, respectively). There was no correlation between fibrinogen or CRP levels and IFNs or ISGs expression (P.0.05, data not shown). In addition, there was no difference in the level of fibrinogen or CRP in the blood between positive and negative samples for virus and/or bacteria in sputum samples (P.0.05, data not shown).
Discussion
The purpose of our study was to investigate some components of the innate immune response in airways from stable COPD patients. It appeared that ISGs were expressed to a greater extent than IFN-β and IL-29 in both COPD and healthy subjects. While ISGs were expressed in almost all subjects, IFNs were detected in less than one-third of the patients and healthy subjects alike. Our study shows that COPD patients had altered IFN-induced gene expression in their sputum compared to healthy subjects. The altered expression was inconsistent for the whole group with decreased OAS but increased viperin and MxA. However, the most severe patients, classified as group D according to the GOLD 2015 guidelines, had clearly reduced ISGs expression compared to those from group B. On the other hand, COPD patients with the most intense airway neutrophilic inflammation had raised expression of IL-29 and IFN-β, the latter being more often expressed when microbes were detected in sputum samples. Our data showed that several ISGs may be differently activated. Interestingly, when considering the most severe COPD patients from group D of GOLD, it turned out that all three ISGs were clearly reduced as compared to mild to moderate COPD and also compared to healthy subjects for OAS. In addition, the reduction of OAS expression was consistent when considering the most severe COPD, with regard to airflow limitation, number of exacerbations in the last 12 months, and the combined assessment in ABCD groups when compared to healthy subjects. The reduced OAS expression is in keeping with recently published data from the ECLIPSE study where a decreased expression of OASL, another member of OAS family, was found by microarray analysis in sputum samples from COPD patients prone to 
1492
hilzendeger et al exacerbations. 26 Zheng et al showed that there was increased viral replication in primary airway epithelial cells from patients with cystic fibrosis (CF-AECs) caused by the lack of NOS2 and OAS induction in response to virus or IFN-γ. 27 They also suggest that the cause of this event is possibly an impairment of activation of STAT 1 in CF-AECs compared to healthy airway epithelial cells. In our study, it is worth noting that viperin seems to be particularly overexpressed in mild to moderate COPD while decreased when disease becomes more severe and prone to exacerbate. 19 Viperin might exert its antiviral activity by blocking viral budding from lipid rafts as well as by inhibiting the formation of viral replication complex in lipid droplets, acting overall in later stages of the viral cycle inside the cell. 20 Combined reduced expression of all these three ISGs might strongly weaken the antiviral mechanisms in the most severe COPD. Indeed, Hurst et al demonstrated that COPD patients with more exacerbations had more frequent episodes of naturally occurring colds as compared to patients with infrequent exacerbations. 28 Further highlighting the link between COPD severity and ISGs, our results also show that MxA and OAS expressions are directly correlated with post-bronchodilator FEV 1 /FVC ratio, thereby demonstrating that expression of ISGs diminishes as airway obstruction progresses.
The reasons why severe COPD patients have reduced ISGs gene expression remain unclear. Although ICS are powerful drugs to reduce immune system activation, our cross-sectional study does not provide evidence for an impact of ICS on IFNs and ISGs expression. A definitive answer to this question would, however, require a longitudinal intervention study. Likewise, we did not find an effect of active smoking on the gene expression. By contrast, it seems that the presence of either picornaviruses or PPM, besides being associated with intense sputum neutrophilia, favors IFN-β expression (P=0.06).
When combining PPM and picornaviruses, we found that approximately one-third of our patients had pathogens detected and those patients had raised sputum neutrophil counts. It is worth noting that all patients were in stable state and had overall CRP and fibrinogen levels in the normal range as opposed to what happens during an exacerbation. 29 The minority of patients with raised CRP and fibrinogen levels showed no differences in the expression of IFNs and ISGs in sputum cells. This finding points to the possibility of other causes of systemic inflammation than microbial airways contamination. Although the presence of microbes in the airways was associated with high sputum neutrophil counts, some subjects had very high sputum neutrophil counts without evidence of bacterial colonization with PPM or infection with picornaviruses. Even if conventional bacterial culture lacks sensitivity to assess airway bacterial load, 30 this might also be seen as reflecting innate immune activation following exposure to a wide range of irritants, including smokes, 10,31 chemical dusts, or air pollutants. [32] [33] [34] One limitation of our study is its cross-sectional design precluding any conclusion as to whether the deficiency in ISGs found in severe COPD is a phenomenon that is stable over time and if this may persist when patients exacerbate making infection clearance more difficult.
Conclusion
We conclude that ISGs may be readily detected in stable COPD and healthy subjects, while expression of IFNs was less clear. ISGs expression was reduced in COPD patients prone to exacerbation and with severe airway obstruction. The reduced innate immunity in COPD may contribute to disease progress by altering response to infection.
